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Abstract
As part of a state-funded Gopher Tortoise (Gopherus polyphemus Daudin) translocation
project, I monitored actively grazed improved pastures to determine if they could serve
as suitable recipient sites for the threatened Gopher Tortoise displaced by human
development. For cattle ranches to be considered suitable recipient sites females must
be able to acquire sufficient energy to produce a clutch of viable eggs, and sufficiently
high quality vegetation must be available to support juvenile recruitment into the
population. Vegetation surveys were conducted to determine the composition and
percent cover of plant species, especially those containing high amounts of nutrients,
specifically nitrogen. Resident and relocated females were radiographed during the 2010
and 2011 nesting seasons for the presence of shelled eggs. I was able to determine
clutch size and egg diameter for both relocated and resident gravid females. Mean
clutch sizes were not significantly different between years. Resident females had larger
mean clutch sizes than relocated females in both years, significantly so in 2011,
suggesting a period of stress and adjustment for relocated females. Egg diameters were
significantly larger by 2.5 to 4.5 mm in 2010 for relocated and resident females,
respectively, compared to 2011. Three females were recaptured in both years and
exhibited the same trend of similar clutch sizes between years but significantly smaller
eggs in 2011. A total of 68 unique taxa from 31 families were found, grasses (Poaceae)
were the most dominant and covered a mean of 57% of the total sampled area. Four
forb species occurred at much greater percent covers than all others. However, only two
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species (Richardia and Desmodium) were found to have adequate nutritional content
and occur at percent covers greater than five percent, indicating that forage availability
may be high, but forage quality may be inadequate to support growing juveniles.
Burrow surveys indicate that at least some hatchlings are able to successfully leave the
nest by the presence of hatchling size burrows scattered throughout the fields, but the
ratio of juveniles to eggs laid is especially low. Survivorship of eggs, hatchlings and
juveniles may be too low to support a sustainable Gopher Tortoise population in
improved pasture possibly because of lack of adequate forage, burrow compaction by
cows, lack of available natural shelter material for protection from desiccation, and the
reduced ability of movement in thick pasture grasses, especially by hatchling and
yearling tortoises.
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Chapter One: General Introduction

The Gopher Tortoise (Gopherus polyphemus Daudin) is one of five species of tortoise in
North America, and the only species east of the Mississippi River. It is precinctive to the
southeastern coastal plain of the United States, historically ranging from southern South
Carolina to eastern Louisiana (Auffenberg and Franz, 1982; Diemer, 1992). Populations
are becoming increasingly small and fragmented (Schwartz and Karl, 2005). Most
remaining Gopher Tortoises occur in Florida where it is listed by the state as a
threatened species (Mushinsky et al., 2006; Florida Fish and Wildlife Conservation
Commission, 2011). The Gopher Tortoise is federally listed as threatened under the
Endangered Species Act across its western range (Louisiana, Alabama and parts of
Mississippi) and is currently a candidate for uplisting to threatened throughout its range
(U.S. Fish and Wildlife Service, 2012). It is a medium sized, terrestrial tortoise
(maximum carapace length (CL) = 38.7 cm (Timmerman and Roberts, 1994)) that is
relatively long-lived with life spans approaching 60 years (Landers et al., 1982), and
becomes mature at 9 – 21 years (Iverson, 1980; Landers et al., 1982; Mushinsky et al.,
1994).

Gopher Tortoises belong to a lineage that originated in North America during the
Paleogene Period (23 – 65.5 million years ago (mya)). Gopherus laticuneus was the first

Gopherus, appearing in the fossil record more than 32 million years ago in the Oligocene
Epoch (22 – 34 mya) in what are now Colorado, Nebraska, South Dakota and Wyoming
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(Reynoso and Montellano-Ballesteros, 2004). During the Miocene Epoch (5 – 23 mya),
two clades diverged, one leading to G. polyphemus and G. flavomarginatus, and the
other to G. agassizii, G. berlandieri, and G. morafkai (Bramble, 1982; Lamb et al., 1989;
Lamb and Lydeard, 1994; Reynoso and Montellano-Ballesteros, 2004). Environmental
changes during the Miocene increased sandy sediments in the landscape, which initiated
the differentiation of the “polyphemus” clade (G. polyphemus and G. flavomarginatus)
as extensive burrowers. The polyphemus clade expanded southward from eastern
Arizona to Florida and from northern Texas to Aguascalientes, Mexico during the PlioPleistocene (5 mya) (Bramble, 1982; Reynoso and Montellano-Ballesteros, 2004). Based
on the presence of gopher frog (Rana capito) and Florida mice (Podomys spp.) fossils
found adjacent to Gopher Tortoise fossils from the Late Pliocene and Pleistocene period,
the unique Gopher Tortoise burrow-commensal lifestyle of these fauna may have been
already occurring in Florida two million years ago (Franz and Franz, Gopher Tortoise
Evolution: East vs. West, a Possible Paradigm Shift, presented at the 29th Annual
Meeting and Symposium of the Desert Tortoise Council, 2004).

Gopher Tortoises are cryptodire turtles (suborder Cryptodira) possessing a carapace
shell that is distinctly domed, ranging in color from dark brown to almost tan. Their
plastrons, however, are usually much lighter in color and typically very smooth from
rubbing along the sand at the mouth of their burrows. Their skin is a dark brownish
green color (Mushinsky et al., 2006) and the overall coloration of tortoises is cryptic.
Shells of hatchlings are more conspicuous; both skin and scutes are orange-colored.
Shells of hatchlings are also quite soft making them vulnerable to predation. The
carapace and plastron remain relatively soft until the late juvenile stage (approximately
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120 mm CL) (Landers et al., 1982; Wilson, 1991). Tortoises will also gradually become
darker and drabber after the first year or two of life (Allen and Neill, 1953).

Sexual maturity for a Gopher Tortoise is based on size, rather than age, making habitat
and diet influential on when sexual maturity is attained and therefore on lifetime
reproductive output. Sexual maturity of female Gopher Tortoises occurs between
carapace lengths of 220 - 240 mm (Iverson, 1980; Mushinsky et al., 2006). Males will
typically attain sexual maturity before females in north and central Florida at carapace
lengths of about 180 mm (Diemer and Moore, 1994; Mushinsky et al., 1994). Age at
maturity is dependent on a number of factors including, latitudinal location and habitat
quality, which can dramatically affect age at sexual maturity. For example, studies within
a single county in central Florida varied widely in determinations of age at sexual
maturity, ranging from 9-11 years to 14-16 years (Godley, 1989; Mushinsky et al.,
1994).

Researchers have formerly assessed tortoise age by counting scute rings, rather than
using size measurements, because Gopher Tortoises of the same age can vary widely in
size and therefore development. Counting scute rings to determine age may be
unreliable, especially after maturity, as rings appear after a major cessation of growth,
which may occur more than once a year. Scutes also become worn and disappear over
time (Ernst and Barbour, 1989; Wilson et al., 2003). To accommodate this uncertainty,
tortoises are typically divided into size classes rather than age groups. Classes are based
on size ranges that reflect morphological, behavioral and physiological changes during
ontogeny. Adult tortoises will measure greater than 220 - 230 mm CL and may continue
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to increase in size until death (Haines, 1969). Subadults have plastrons and carapaces
that are relatively hard and range from 120 to 230 mm CL. The juvenile stage, which
occurs at approximately 1 to 4 years of age, falls between 50 to 120 mm CL. Hatchlings
are 43 - 50 mm CL and are typically this size for less than a year (Landers et al., 1982).
Eggs vary in size from 36 to 53 mm maximum diameter and are the first and easiest life
stage to classify (Landers et al., 1980; Butler and Hull, 1996). The maximum life span of
a Gopher Tortoise is not known, but is thought to be above 60 years (Landers et al.,
1982). Uncertainty exists when estimating the age of tortoises older than 12 or 15
years, because somatic growth slows greatly at maturity (Mushinsky et al., 1994; Aresco
and Guyer, 1999).

Gopher Tortoises prefer xeric habitat, with low canopy cover (<40% coverage), and
well-drained, sandy soils suitable to construct their characteristic burrows. Gopher
Tortoises live in a variety of upland habitats in Florida, including sandhill (pine-turkey
oak), sand pine scrub, xeric hammock, pine flatwoods, dry prairie, coastal grasslands
and dunes, mixed hardwood-pine communities, as well as ruderal communities
(roadsides, grove edges, clearing, and old fields) (Landers and Speake, 1980;
Auffenburg and Franz, 1982; Kushlan and Mazzotti, 1984; Diemer 1986, 1992; Meyers
and Ewel, 1990 in Mushinsky et al., 2006). They will emigrate out of an area that has
become too overgrown, in search of suitable forage. Overgrowth of vegetation,
especially shrubs and trees, hinders thermoregulation for normal development and
reproduction, which may also cause Gopher Tortoises to leave an area (Mushinsky and
McCoy, 1994).
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As an opportunistic herbivore, the diet of the Gopher Tortoise in sandhill habitats
consists of grasses, forbs, cacti, fruits, seeds and other edible plant parts; in some
instances bones, insects, and charcoal have also been found in the digestive tract of
tortoises. Nitrogen and protein-rich plants are especially important to growing tortoises
as well as reproductive females for the production of eggs (Macdonald and Mushinsky,
1988; Mushinsky et al., 2003).

Gopher Tortoises have elephantine hind legs as well as forelimbs with long claws to
shovel dirt aside as they construct their extensive burrows. All Gopherus species of
tortoises in North America except G. berlandieri construct extensive burrows (Auffenberg
and Weaver, 1969; Rose and Judd, 1982). Gopher Tortoise burrows average 4.5 meters
long and 2 meters deep (Diemer, 1989). Burrows protect tortoises from extreme
temperatures in the summer and the winter, from predation and desiccation (especially
for juveniles), and house commensal species as well, including the federally-listed
threatened Eastern Indigo Snake (Drymarchon corais couperi) and a number of species
of special concern: the Florida mouse (Podomys floridanus), the Florida pine snake
(Pituophis melanoleucus mugitus), the gopher frog (Lithobates capito), and the
burrowing owl (Athene cunicularia) (Florida Fish and Wildlife Conservation Commission
2011; Alexy et al., 2003; Franz, 1986). The Gopher Tortoise is considered a keystone
species, because its burrows provide shelter for 360 species of animals (Jackson and
Milstrey, 1989; Lips, 1991); hatchling and juvenile burrows also house a variety of
commensal species (Pike and Grosse, 2006).
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Gopher Tortoises, like all turtles, lay amniotic eggs. Reproductive female Gopher
Tortoises acquire most of the energy needed for egg production, specifically the yolk,
the autumn before a spring nesting season. However, yolk formation, vitellogenesis, is
not complete until after winter (Iverson, 1980). Gopher Tortoises reduce activity during
the winter months, but brumation behavior is only seen in the northern limits of their
range (Speake and Mount, 1973 in Douglas and Layne, 1978). The yolk is the primary
source of energy provided by the female and is energetically costly to produce (Linley
and Mushinsky, 1994). Because protein content in the egg is dependent upon vitellogen
size, the size of the yolk can influence hatchling size, which in turn can influence
hatchling survival and growth (Landers et al., 1980; Linley and Mushinsky, 1994).

During the nesting season from May to mid-June, Gopher Tortoises lay a clutch of 5 to 9
eggs (Landers et al., 1980; Diemer and Moore, 1994; Butler and Hull, 1996), which they
lay 10 to 15 cm below ground level in the sandy skirt of a burrow or on other suitably
sandy, open areas where the sand will receive enough direct sunlight – and warmth - for
egg development (Landers et al., 1980; Landers and Buckner, 1981). In north Florida
(Diemer and Moore, 1994) and southern Georgia (Landers et al., 1980) clutch size is
positively correlated with carapace length. The largest clutch size ever recorded in
central Florida was 25 eggs (Godley, 1989). Clutch size has been show to increase with
carapace length, with a 25-mm increase in CL producing a one-egg increase in clutch
size on average (Landers et al., 1980; Diemer and Moore, 1994). Diemer and Moore
(1994) also found that an increase in CL of 13-mm also corresponded to a 1-mm
increase in egg diameter. Females, in central Florida, typically begin laying eggs in early
May and finish in early June. The incubation period lasts 80 – 106 days depending on
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the tortoise’s latitudinal location, with longer incubation periods at the northern end of
the range (Iverson, 1980; Landers et al., 1980; Butler and Hull, 1996). Typically,
hatching occurs during August and September, but in northern Florida hatching may
occur as late as early October (Butler and Hull, 1996). Hatchlings emerge from the nest
1 to 18 days after hatching (Butler and Hull, 1996; Epperson and Heise, 2003). Gopher
Tortoises might double clutch, but it is unusual and thought to mostly occur within large
individuals at the southernmost parts of the range (Moore et al., 2009).

Gopher Tortoises exhibit a Type III survivorship curve with very low survival early in life
with a gradual increase to a very high survival in sexually mature adults. The mortality
rate of eggs and hatchlings up to one year of age is particularly high because of
predation, disease, inadequate forage opportunities, and exposure to the elements
(Alford, 1980; Witz et al., 1992; Burke et al., 1996; Epperson and Heise, 2003; Pike and
Seigel, 2006). Hatchling and egg mortality rates have been estimated indirectly using
burrow surveys; however this method is difficult as small burrows can be cryptic and
hatchlings are known to sometimes burrow inside adult burrows (Ashton and Ashton,
2001). Alford (1980) estimated mortality rates, using long term burrow surveys, from
egg to one year of age to be 94.2%; Witz and colleagues (1992) suggested an annual
mortality rate of 92.3% for combined eggs and hatchlings. Other studies have estimated
hatchling mortality directly using radio telemetry. These studies found a hatchling to
juvenile survival rate of zero by the end of the study, most likely because of the
relatively small sample sizes (Butler and Sowell 1996; Epperson and Heise, 2003; Pike
and Seigel, 2006). However, quantification of survival rates for juveniles suggest that
juvenile mortality rates vary throughout the year, but that mortality rates are never as
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high as those reported for hatchlings (Wilson, 1991). Mortality rates of subadults have
not been determined, but Tuberville et al. (2008) found an average of 16% yearly
mortality for a combined class of juveniles and subadults in a relocated population
across 12 years of observation. Tuberville and Gibbons (2009) estimate that yearly
subadult mortality at 3%, but it is unclear how they calculated this estimate. Mortality
rates of adults are assumed to be quite low (~1.5%) and remain the same throughout
the rest of their lifespan. Adult mortality rates have been estimated from long-term
survival rates of translocated populations. Although, such studies have not examined
natural populations, these values are assumed to be similar (Ashton and Burke, 2007;
Tuberville et al., 2008).

Gopher Tortoise populations have steadily decreased during the last 60 years primarily
in response to habitat loss caused by phosphate mining, agriculture development,
urbanization and human sprawl (Diemer, 1986). Human hunting has also taken a toll on
tortoise populations, but this threat has diminished over time and habitat destruction
and fragmentation now pose the greatest threats (Hutt, 1967; Taylor, 1982; Diemer,
1986). In 2007, the Gopher Tortoise was afforded protection by the state of Florida
when it was up-listed from a species of special concern and designated as a threatened
species. Since that time, new management guidelines and conservation efforts have
been implemented by the state to protect the remaining, declining Florida population
(Enge et al., 2006). One such requirement is the mandatory relocation of all individuals
threatened by land development. This new mandate replaces the “incidental take”
permit system that allowed the entombment, leading to the eventual death, of Gopher
Tortoises on land being developed.
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Because of the tremendous human development throughout Florida since World War II,
pristine upland habitat suitable to support the Gopher Tortoise is virtually non-existent.
Relocation efforts for tortoises being displaced by development have become a great
challenge. Alternative sites, such as cattle ranches, are now being considered as
relocation sites, but the suitability of these areas is understood poorly (Auffenberg and
Franz, 1982). Ranchland considered suitable for tortoises consist of open, converted
pasture, with areas of sparse canopy cover. Grasses and a few weedy, herbaceous
species, including some legumes, which may contain relatively high amounts of
nitrogen, dominate converted pasture. But whether this can support reproductive
females and growing hatchling and juvenile tortoises is unknown.

To that end, the Florida Fish and Wildlife Conservation Commission (FFWCC) designated
a private ranch in Pasco County (56 kilometers north of Tampa) as a test site to
evaluate the efficacy of the relocation of Gopher Tortoises to a functioning cattle ranch.
The ranch consists of roughly 3,320 hectares, 1,200 head of cattle, as well as 80-100
horses, and has been permitted by the FFWCC to receive up to 1,500 Gopher Tortoises.
The objective of my thesis research was to monitor egg production (egg diameters and
clutch size) of relocated and resident tortoises during two nesting seasons using
radiography to determine if resident and relocated tortoises differed in egg production
within or between years. Vegetation availability and quality, in the form of nitrogen
content, was also studied to determine energy availability to reproducing females and
growing juveniles on a cattle ranch. Energy and protein content of the eggs is
meaningful for initial hatchling weight and survival. An egg with high energy content at
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hatching has a survival advantage (Linley and Mushinsky, 1994). The general health of a
tortoise, reproductive efforts, hatchling initial survival probabilities, and the time it takes
to reach sexual maturity for juveniles are all linked to habitat quality (Mushinsky et al.,
1994; Pike and Seigel, 2006).
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Chapter Two: Reproductive Output of Resident and Relocated Gopher
Tortoises on Improved Pasture.

Introduction:
The Gopher Tortoise (Gopherus polyphemus Daudin) is one of five species of tortoise in
North America, and the only species east of the Mississippi River. It is a medium-sized
tortoise precinctive to the southeastern coastal plain of the United States and has been
declining throughout its range for the past century primarily because of development,
urbanization, agriculture, and habitat fragmentation (Auffenberg and Franz, 1982;
Diemer, 1992). As such, the Gopher Tortoise is now federally listed as threatened under
the Endangered Species Act across its western range (Louisiana, Alabama and parts of
Mississippi) and is currently a candidate for uplisting to threatened throughout its entire
range (U.S. Fish and Wildlife Service, 2012). Most remaining Gopher Tortoises occur in
Florida, where it is listed by the state as a threatened species (Florida Fish and Wildlife
Conservation Commission, 2011; Mushinsky et al., 2006).

Gopher Tortoises are relatively long-lived, with life spans approaching 60 years (Landers

et al., 1982), and have a late onset of maturity, ranging from 9 – 21 years (Iverson,
1980; Landers et al., 1982; Mushinsky et al., 1994).

Sexual maturity for a Gopher

Tortoise is based on size, rather than age, making habitat and diet influential on when
sexual maturity is attained. Females become sexually mature at carapace lengths (CL) of
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220 – 240 mm, while males mature at smaller sizes around 180 mm CL (Iverson, 1980;
Mushinsky et al., 2006). Age at maturity is then dependent on a number of factors,
including a tortoise’s location within the range, the length of the growing season,
together with the quality of habitat in which the tortoise resides (Iverson, 1980; Landers

et al., 1982; Mushinsky et al., 1994). One study in central Florida (Mushinsky et al.,
1994) found that females became mature in 9 - 11 years, while a study in the same
county, but in a lower habitat quality, found that females did not become sexual mature
until 14 - 16 years (Godley, 1989).

During the nesting season (May – June), gravid females typically lay a clutch of 5 to 9
eggs (Landers et al., 1980; Butler and Hull, 1996). Clutch size has been shown to
increase with carapace length, with a 19 to 25-mm increase in CL producing a one-egg
increase in clutch size on average (Landers et al., 1980; Turner et al., 1986; Diemer and
Moore, 1994). Increasing CL has also been correlated with larger eggs, but the increase
of CL needed for a 1 mm increase in egg diameter varies from 13 to 32-mm (Turner et

al., 1986; Diemer and Moore, 1994; Small and MacDonald, 2001). Conversely, Wallis et
al. (1999) found that as female Desert Tortoises (Gopherus agassizii) became larger
they had more, but slightly smaller eggs when the effect of female body size was
removed using multiple regression. Both clutch size and egg diameters have been
shown to increase simultaneously in aquatic species of turtles with increasing body size
(Iverson, 2002; Iverson and Smith, 1993; Congdon and Gibbons, 1985); however, in
these studies when the effect of body size was removed using multiple regression, egg
size was negatively correlated with body size and clutch size.
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New management guidelines in Florida now required by the Florida Fish and Wildlife
Commission (FWC) mandate that tortoises residing on land scheduled for development
be either permanently relocated on-site, permanently relocated off-site, or temporarily
excluded from their home area until construction is finished (FWC Gopher Tortoise
Permitting Guidelines, 2011). Problems exist with each of these options, however.
Temporary exclusions and permanent on-site relocations usually result in relatively small
areas of available suitable habitat surrounded by development, creating small, isolated
and usually unsustainable populations of tortoises (McCoy et al., 2008). Permanent offsite relocations may disrupt resident populations, mix locally adapted gene pools, as well
as promote the transmission of diseases (Diemer, 1989; McCoy et al., 2008).
Nevertheless, relocation of tortoises to off-site preserves becomes an essential
conservation measure as the viability of on-site preserves diminishes (McCoy et al.,
2008). The availability of pristine upland habitat as off-site preserves suitable to support
the Gopher Tortoise also continues to decline making relocation efforts for displaced
tortoises an even greater challenge. Alternative sites, such as cattle ranches, are now
being considered, although the suitability of these areas is poorly understood
(Auffenberg and Franz, 1982). One major concern of cattle ranches as a suitable
recipient site is the uncertainty of the reproductive success of adult females, as well as
the unknown rate of recruitment of juveniles and subadults into the adult breeding
population, needed to sustain a population. Uncertainty is caused in part by unknown
vegetation quality and availability, as well as the effect of ranch management practices
and cattle on burrows, nests, and individuals. The general health of a tortoise,
reproductive efforts, hatchling initial survival probabilities, and the time it takes to reach
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sexual maturity for juveniles are all linked to habitat quality (Linley and Mushinsky,
1994; Pike and Seigel, 2006).

The objective of this study was to monitor egg production (egg diameter and clutch
size) of relocated and resident tortoises on a cattle ranch over two nesting seasons
using radiography. Vegetation quality and availability is expected to affect reproductive
output, specifically with fertilized fields providing more nutrients to reproducing females
and therefore a larger reproductive output. I hypothesized that relocated and resident
females would differ in reproductive output, but that overall larger females would have
larger clutch sizes. Linley and Mushinsky (1994) determined that egg diameter is closely
correlated with egg weight and can be determined accurately using radiography.
Radiographs are known to slightly overestimate the actual diameter of an egg (ColsonMoon, 2003); nevertheless, some error is preferable to disturbing and perhaps harming
nests and therefore decreasing egg and hatchling survival. Linley and Mushinsky (1994)
measured eggs both in hand and using radiography; by utilizing their regression
equation to determine egg weight from egg diameters measured from radiographs we
will be able to minimize our error. Radiography also allows precise measurements of the
gravid female to be made for further analysis of reproductive effort in relation to female
size.

Methods

Study Site
This study was conducted on a private ranch in Pasco County, an 3,320-hectare family
land holding with ca. 1,200 head of cattle and ca. 80-100 quarter horses. The research
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site consisted of a total of 154.75 hectares split into seven fields of varying size. Three
fields also contained 4.05-hectare cattle exclosures made of electric fence where
tortoises could escape from cattle but remain within the study site. See Figure 1 for an
aerial view of the site with all fences and field sizes indicated. The majority of our study
site was composed of open pasture containing a mixture of grasses, dominated by Bahia
grass (Paspalum notatum), and other weedy herbaceous species as well as a sporadic
live oak. In two of the fields, small areas of mixed oak hammock, dominated by Quercus

virginiana, were present with 40 to 80 percent canopy closure. The mid-story of the
hammock habitat is all but non-existent while the understory is heavily grazed and
dominated by shade tolerant forbs and grasses (Thomas W “Bill” Hentges, unpub data).

Reproductive Monitoring
Female tortoises greater than 200 mm CL were radiographed for eggs in 2010 and 2011
at the ranch to minimize stress and handling time during the April to June reproductive
season using a portable x-ray machine (Inspector X-Ray Source Model 200). Blue 8X10
x-ray film in reusable cassettes was used and then brought back to a dark room at the
University of South Florida for processing and development. A galvanized steel washer
was placed on the x-ray film next to the female as a standard of measure. By
standardizing radiographic procedures with a metal disc of known diameter egg
diameters could be determined on each radiograph. Linley and Mushinsky (1994)
determined that egg diameter is closely correlated with egg weight and can be
determined accurately using radiographs. Quantifiable relationships can then be
established between egg size and energetically meaningful variables, such as energy or
protein content (Gibbons and Greene, 1979).
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of improved pasture with fields 16, 18, and 19 containing cattle exclosures.

Figure 1. Aerial Map of Study Site in Pasco County, Florida. The study site consisted of seven total fields

Females were caught using bucket traps and by hand when possible. Bucket traps were
set using 19-liter buckets set 40 cm into the ground at the mouth of burrows large
enough to hold an adult tortoise (burrow width > 20 cm). The top of the bucket was
covered in aluminum foil and then covered with a thin layer of sand once in the ground
to disguise its presence. Small holes were punched into the aluminum foil to hasten its
breaking when a tortoise stepped onto the trap. Small sticks were placed at the mouth
of the burrow to indicate whether a trapped tortoise came from within or outside the
burrow. Bucket traps were checked each morning and traps were open for at least five
days, unless a tortoise was caught from within the burrow before five days had passed.
All tortoises caught were measured for morphological data (carapace length, carapace
width, plastron length, depth and weight) and then males and subadults were released
and females were radiographed. When a tortoise was caught exiting the burrow, the
trap was removed, the hole filled in and the burrow skirt smoothed to resemble its
original state. When a tortoise was caught trying to enter the burrow the trap was reset
and the tortoise was released at least 50 meters away from the burrow within the same
field. Female tortoises being relocated to the ranch during this time were radiographed
prior to release.

Radiographs were first inspected using a light box to determine presence or absence of
eggs and then scanned into a computer. iPhoto was used to change the color contrast of
the image to enhance the image quality and edges of eggs when present. Photo sizes
were not altered from the original scale. ImageJ was then used to determine clutch size
and measure the least and greatest diameter of each egg within a clutch using the
known diameter of the standard (galvanized steel washer) present in each image to set
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the appropriate scale. Greatest, least, and overall egg diameters were averaged within
each clutch.

Ammonium sulfate based fertilizers were applied to fields 17, 18 and 19 in June 2009
and in fields 17, 19, and 20 in June 2010. Fertilization was assumed to affect the
production of eggs in the following year, if any effect was to be seen at all. Recently
relocated females were excluded from all fertilizer effect analysis, as they were not
present on the ranch prior to being radiographed. Females were classified as residing in
a fertilized or unfertilized field based on the field and year in which they were
radiographed. Plants were collected to determine nitrogen content in 2011 for thirteen
pasture plant species and genera, including the most common species and those also
found in the Gopher Tortoises’ natural sandhill habitat. A more detailed description of
methods and results will be discussed in the following chapter, “Vegetation Quality and
Availability on a Cattle Ranch.”

All statistical analyses were done in Excel and Statistica. Adult radiographed females
were placed into three categories for analysis: Residents (those females present at the
study site prior to our relocation project), Established Relocated (those females that
were relocated to the ranch at least the winter (December 1st) before the nesting season
they were radiographed), and Recently Relocated (those females that were relocated to
the ranch after December 1st before the nesting season they were radiographed). Most
energy given by the female for the production of eggs is consumed in the fall prior to
oviposition (Iverson, 1980). Dividing the radiographed females into these categories
allowed us to analyze if the vegetation available within the pastures had an effect on
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egg production, especially for those females gravid both years. Carapace length (CL)
was always used as a covariate, as carapace length can affect clutch size (Landers et al.,
1980, Diemer and Moore, 1994; Smith, 1995). ANCOVAs were performed for all analyses
using a General Linear Model, except reproductive data of gravid females recaptured in
both 2010 and 2011 were analyzed using paired t-tests. All data was tested for
compliance of ANOVA assumptions and normality before analysis. Results for all
ANCOVAs are given as the mean adjusted for size (CL) ± SE with sample size in
parentheses, unless otherwise noted. Results for all t-tests are given as raw means ±
SE. Effect size (f) and power were determined using the partial eta2, although partial
eta2 and classical eta2 are equivalent in a one-way ANOVA, because I conducted an
ANCOVA with unequal sample sizes a partial eta2 was more appropriate than a classical
eta2 in determining the proportion of variance that is attributable to a certain factor (e.g.
time a female resides on the ranch), while excluding the variance explained by the
covariate (CL).

Mean egg mass was estimated using the regression equation (y = -40.2 + 1.75x) for
egg diameter measured from radiographs to egg mass from Linley and Mushinsky
(1994). From mean egg mass other energetic variables including clutch mass, kJ/egg,
kJ/hatchling w/out egg shell, hatchling wet mass, and kJ/yolk and albumin component
could also be estimated, but I am primarily interested in clutch mass. Clutch mass was
calculated by multiplying clutch size by egg mass, which was estimated from egg
diameter. Although clutch masses and egg masses were not directly measured,
increasing the error associated with these values, the values were included here for the
sake of comparison with other published studies. In summary, I am studying the effect
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that time residing at the study site, as well as differences between nesting years, has on
reproductive efforts of female Gopher Tortoises.

Hatchling Survival and Juvenile Recruitment
Hatchling survival was assessed in September and October of 2011. Random paths were
walked through the pastures and any sign of hatchlings (including egg fragments,
possible hatchling burrows, and hatchlings) were recorded.

Complete burrow surveys were done two to three times a year throughout the entire
study site. Each field was split into transects 40 meters in width and the entire field was
surveyed. Burrow width, activity status of the burrow (abandoned, inactive, active), as
well as cattle impact to the burrow mouth and skirt (from no impact to severely
occluded) were recorded. Juvenile and subadult recruitment was analyzed by comparing
the number of juvenile burrows (burrow width < 120 cm) and subadult burrows (burrow
width < 220, > 120) with the known number of juveniles and subadults relocated to the
study site. My recruitment analysis is likely an underestimate of recruitment as juveniles
and subadults are known to reside in adult burrows and, although complete burrow
surveys were done, juvenile burrows may be especially cryptic and are more likely to be
missed than adult burrows (Ashton and Ashton, 2001).

Results

Body and Clutch Mass
A total of 150 adult females were radiographed during the 2010 and 2011 nesting
season, 78 (52%) of which were gravid. A female gravid in both 2010 and 2011 laid at

24	
  

least two eggs in her bucket trap and only one egg was visible on her radiograph in
2011; as an accurate clutch size as well as egg diameters could not be determined she
was excluded from all further analysis for 2011 as well as from recapture analyses
between 2010 and 2011. Female mass was significantly higher at similar carapace
lengths by 0.18 kg on average in 2010 compared to 2011 (F = 4.45, df = 1 and 74, p <
0.04). Residents exhibit between 0.08 and 0.26 kg higher mass at similar carapace
lengths compared to recently relocated and established relocated tortoises, respectively
(F = 1.598, df = 2 and 73, p = 0.21). Three resident females were found to be gravid in
2010 and 2011 and could be included in recapture analyses. All recaptured females
showed small amounts of CL (0 – 3 mm) growth and weight (0.2 – 0.8 kg) gain from
2010 to 2011.

The mean clutch mass adjusted for female size (CL) was significantly (F = 4.41, df = 1
and 74, p < 0.04) greater in 2010 (427.37g ± 21.87 (n = 27)) compared to 2011
(370.34g ± 16.06 (n = 50)). However, subcategories of females were not significantly
different between years (Table 1). The mean clutch mass of recaptured females was not
found to be significantly different (t = 2.73, df = 2, p = 0.11) between years, but clutch
mass was higher in 2010 (517.13 g ±	
 81.04) than 2011 (324.9 g ± 68.35) (Table 5).
The true mean clutch mass for both years combined was 390.34 g ± 16.21 (n = 77).
Resident females had significantly higher clutch masses (F = 4.14, df = 2 and 73, p =
0.02, power = 0.74) than established and recently relocated females when values were
pooled between years (438.29 g ± 21.18 (n = 28), 381.47 g ± 39.44 (n = 8), 359.32 g

± 17.46 (n = 41), respectively). A Tukey HSD post-hoc test determined that the
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strongest influence on the results of the ANOVA was the relationship between clutch
masses of resident and recently relocated females.

Mean clutch masses within years were not significantly different among resident,
established, and recently relocated females, although resident females had the largest
clutch masses in both years (Table 1). The relationship between mean clutch masses of
resident and recently relocated females had the strongest influence on the ANOVA
results in both 2010 and 2011.

Table 1. Mean Clutch Masses Between and Within Years.
2010

2011

Resident

462.30 ± 34.40 (n = 13)

403.27 ± 26.75 (n = 15)

> 0.1

Established Relocated

436.89 ± 84.56 (n = 2)

369.85 ± 42.30 (n = 6)

> 0.5

Recent Relocated

375.52 ± 35.38 (n = 12)

358.55 ± 19.24 (n = 29)

> 0.5

> 0.2

> 0.4

Significance

Significance

Values (in grams) are reported as !!"#  !"#  !"#$   ± SE with sample size in parentheses. Significance
is given as the p-value reported for the ANCOVA calculated with CL as a covariate. Significance
values are given for comparisons made within each year for resident, established, and recently
relocated females as well as across years for each individual category. Significant values of p <
0.05 are bolded.

Clutch Size
The smallest female detected with shelled eggs was a resident tortoise with a 235 mm
CL and a clutch size of 7 eggs. The true mean clutch size for all gravid females across
both years was 9.2 ± 0.34 (n = 77). Mean clutch sizes adjusted for female size were not
significantly different between 2010 (9.2 ± 0.49 (n = 27)) and 2011 (9.2 ± 0.36 (n =
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50), F = 0.00033; df = 1 and 74; p > 0.9; total range 1 - 16). When females were
grouped into subcategories: resident, established relocated, and recently relocated and
pooled across both years the mean clutch sizes were significantly different (F = 5.13, df
= 2 and 73, p < 0.01, power = 0.83), with means of 10.3 ± 0.46 (n = 28), 9.2 ± 0.85 (n
= 8), 8.4 ± 0.38 (n = 41), respectively. Mean clutch sizes did not significantly differ
between years for any subcategory (Table 2). The mean clutch size of the three
recaptured resident females did not significantly differ (t = 1.26, df

= 3, p > 0.3)

between 2010 and 2011, although the clutch size in 2010 was larger than 2011 (11.33 ±
1.76 and 9.0 ± 1.53, respectively).

For the 2010 nesting season (n = 27) clutch sizes were not significantly different (F =
0.85, df = 2 and 23, p = 0.44, f = 0.27, power = 0.2) for residents (9.8 ± 0.8 (n = 13)),
established relocated (9.4 ± 2.0 (n = 2)), or recently relocated females (8.3 ± 0.8 (n =
12)) (Table 2). However, a post-hoc Tukey HSD test determined that the relationship
between recently relocated and resident females had the strongest influence on the
ANOVA results. In 2011 (n = 50) the clutch sizes were significantly different (F = 3.85,
df = 2 and 46, p = 0.03, power = 0.71) among residents (10.6 ± 0.6 (n = 15)),
established relocated (9.3 ± 0.9 (n = 6)), and recently relocated (8.5 ± 0.4 (n = 29))
gravid females (Table 2). A post-hoc Tukey HSD test determined that the relationship
between resident and recently relocated females had the strongest influence on the
ANOVA results (p = 0.02). A comparison can be seen below in Table 2 of mean clutch
sizes between and within years.
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Table 2. Mean Clutch Sizes Between and Within Years.
2010

2011

Significance

Resident

9.8 ± 0.8 (n = 13)

10.5 ± 0.5 (n = 15)

> 0.5

Established Relocated

9.3 ± 2.0 (n = 2)

9.3 ± 0.9 (n = 6)

> 0.5

Recent Relocated

8.2 ± 0.8 (n = 12)

8.5 ± 0.4 (n = 29)

> 0.5

> 0.4

< 0.05

Significance

Values reported as   !!"#  !"#  !"#$ ± SE with sample sizes in parentheses. Significance is reported
as the p-value of the ANCOVA calculated with CL as a covariate. Significant values of p < 0.05
are bolded. Significance values are given for comparisons made within each year for resident,
established, and recently relocated females as well as across years for each individual category.

Egg Size and Mass
Although the mean clutch size was very similar between the 2010 and 2011 nesting
season, mean egg diameter within a clutch was significantly larger (F = 40.65, df = 1
and 74, p < 0.0001) in 2010 than 2011 (49.56 mm ± 0.45 (n = 27) and 45.98 mm ±
0.33 (n = 50), respectively). Mean egg diameters were also seen to significantly
decrease from 2010 to 2011 within each category (resident, established relocated, and
recently relocated). Table 3 shows mean egg diameters between and within years for
each female classification.

The mean egg diameter of recaptured females between

years approached significance (t = 3.60, df = 2, p = 0.069) exhibiting the same trend
seen in the overall data of larger eggs in 2010 (49.10 mm ± 1.60) compared to 2011
(44.38 mm ± 0.29).
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Table 3. Mean Egg Diameters Between and Within Years.
2010

2011

Significance

Resident

49.48 ± 0.72 (n = 13)

45.01 ± 0.56 (n = 15)

< 0.0001

Established Relocated

51.15 ± 1.76 (n = 2)

45.22 ± 0.89 (n = 6)

0.07

Recent Relocated

49.22 ± 0.74 (n = 12)

46.71 ± 0.41 (n = 29)

< 0.05

> 0.4

< 0.05

Significance

Values (in mm) are reported as !!"#  !"#  !"#$ ± SE with sample size (n) in parentheses. Significance
is given as the p-value reported for the ANCOVA calculated with CL as a covariate (bold indicates
significance). Significance values are given for comparisons made within each year for resident,
established, and recently relocated females as well as across years for each individual category.

Mean egg diameter did not significantly vary among resident, established relocated, or
recently relocated females in 2010. However, the relationship between residents and
recently relocated females once again had the strongest influence on the ANOVA results
after performing a post-hoc Tukey HSD test. Within 2011, the subcategories of females
significantly differed with recently relocated females having the largest eggs (F = 3.46,
df = 2 and 46, p < 0.04, power = 0.66 (Table 3)). The relationship between resident
and recently relocated females as determined by a post-hoc Tukey HSD test contributed
the strongest influence on the ANOVA results. Egg diameters varied widely within
individual clutches as well as among females (Figure 2). Within clutch variation was not
significantly different from among female variation.
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Figure 2. Variation in Egg Diameters Within and Among Females. The mean of the
variances in egg diameter within each clutch was determined and the variance around
the mean variance is given as the error bar. The total variance in egg diameters for each
category of female, year and overall is also given.
The estimated mean egg mass gave the same relationships between years, as well as
among resident, established and recently relocated females within and between years as
what was observed for the mean egg diameters (Table 3), but these values are reported
here to facilitate comparison with other studies on Gopher Tortoise reproduction. Overall
values for mean egg masses significantly (F = 35.47, df = 1 and 74, p < 0.0001)
decreased from 2010 (46.36 ± 0.82 (n=27)) to 2011 (40.27 ± 0.61 (n=50)). Resident
and recently relocated mean egg masses significantly decreased in size from 2010 to
2011 (F = 40.74, df = 1 and 25, p < 0.0001 and F = 5.61, df = 1 and 38, p = 0.02,
respectively); average egg mass of established females also decreased from 2010 to
2011, but not significantly (Table 4). Recaptured females had significantly larger (t =
6.58, df = 2, p = 0.02) mean egg masses in 2010 of 45.7g ± 2.80 compared to 35.8g ±
2.09 in 2011.

30	
  

Table 4. Mean Egg Masses Between and Within Years.
2010

2011

Significance

Resident

46.66 ± 1.23 (n = 13)

38.10 ± 1.02 (n = 15)

< 0.0001

Established Relocated

49.27 ± 3.03 (n = 2)

39.63 ± 1.61 (n = 6)

0.068

Recent Relocated

45.30 ± 1.27 (n = 12)

41.63 ± 0.73 (n = 29)

< 0.02

> 0.4

< 0.02

Significance

Values (in grams) are reported as !!"#  !"#  !"#$ ± SE with sample size (n) in parentheses.
Significance is given as the p-value reported for the ANCOVA calculated with CL as a covariate
(bold indicates significance). Significance values are given for comparisons made within each
year for resident, established, and recently relocated females as well as across years for each
individual category.
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Table 5. Reproductive Outputs of Recaptured Females in 2010 and 2011.

Clutch Size 2010

Res 106

64 (Res)

Res 105

!

12

8

14

11.3 ± 1.7

Significance

> 0.3
Clutch Size 2011
Egg Diam (mm) 2010

12

7

8

9.0 ± 1.5

52.15

48.4

46.75

49.1 ± 1.6
> 0.05

Egg Diam (mm) 2011

44.95

44.2

44

44.4 ± 0.3

Egg Mass (g) 2010

51.06

44.5

41.61

45.7 ± 2.8

Egg Mass (g) 2011

38.46

37.15

31.64

35.8 ± 2.1

Clutch Mass (g) 2010

612.8

356

582.6

517.1 ± 81.0

253.1

324.9 ± 68.4

0.02

> 0.1
Clutch Mass (g) 2011

461.55

260.05

Means are reported as ± SE. Significance is reported as p-values for paired t-tests; significant
values less than 0.05 are bolded. Egg diameters are given as the overall average egg diameter
within each clutch. Egg mass is estimated from the average egg diameter using the regression
equation from Linley and Mushinsky, 1994. Clutch mass is the product of egg mass and clutch
size.

Effects of Fertilizer on Reproductive Output
Fertilization application within the pastures did not have a significant effect on clutch
size, average egg diameter, or clutch mass when resident and established relocated
females were grouped and classified as residing in either fertilized or unfertilized fields
when radiographed. However, females in fertilized fields showed higher weights (0.19
kg) relative to carapace length than females in unfertilized fields (F = 1.5496, df = 1
and 32, p = 0.22, effect size = 0.22). The same trend, although also not statistically
significant, was observed individually within 2010 and 2011: reproductive output did not
significantly vary between fertilized and unfertilized fields, but females exhibited higher
weights relative to carapace length in fertilized fields compared to unfertilized fields. The
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overall average nutritional quantity of plants as measured by percent nitrogen content
was not statistically different between fertilized fields and those left unfertilized.
Nitrogen analysis was performed in 2011 on dominant pasture species as well as those
also found in the Gopher Tortoises’ natural sandhill habitat (Table 6).

Taxon
Poaceae
Asclepias
Asimina
Chenopodium
Cnidoscolus
Conyza
Desmodium
Eupatorium
Oxalis
Richardia
Rubus
Senna
Yucca

Fertilized Fields
17
19
20
Ave
1.76
1.95
2.08
1.93

16
1.26

1.98
1.61

1.73
2.44

1.84
2.54

1.85
2.20

1.99

1.76
2.58
2.29
3.70
2.40

1.93
3.23
2.15
3.96
2.55

1.56
3.00
2.40
3.24

1.75
2.94
2.28
3.83
2.73

3.49

3.81

3.53

3.61

2.03
2.51
2.16
1.84
1.94
2.97

Unfertilized Fields
18
21
22
1.94
1.44
1.93
3.78
3.15
2.00
1.84
2.12
2.44
1.82
3.16
3.00
2.72
1.74
2.14
2.17
2.77
2.83
2.84
1.94
2.27
3.10
4.07
2.72
2.57
2.90
1.94
1.77
3.85
4.34
4.84
2.25
1.99

Ave
1.64
3.47
1.99
2.35
2.86
2.02
2.74
2.12
3.59
2.51
1.88
4.00
2.12

Table 6. Percent Nitrogen of Common and Important Pasture Plants within Fertilized
and Unfertilized Fields.

Hatchling Survival and Juvenile Recruitment
Hatchling surveys found only three possible hatchling burrows and two live hatchlings
across all fields surveyed with greater than 13.5 person-hours of effort and 32.2
kilometers walked. The comprehensive burrow survey of the entire study site completed
on 8/5/2011 was used to compare number of relocated juveniles and subadults with the
number of juvenile and subadult burrows to estimate possible recruitment. The number
of juveniles (< 120 CL) relocated to the ranch by August 2011 was 104 and the number
of subadults (120 < CL < 220) was 178, however, only 15 total juvenile burrows and 67
subadult burrows were found during the entire burrow survey.
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Discussion
Reproductive outputs within improved pastures varied between years as well as time
since relocation. Time residing in the habitat area by the female may play a significant
role in reproduction as, overall, between, and within years studied, resident females had
the highest clutch masses and clutch sizes followed by established females and finally
recently relocated females (Table 1 and 2). Not every comparison of clutch mass or
clutch size among residents, established and recently relocated females was significant,
but as the calculated effect sizes were strong my limitation is predominantly sample size
based. Within 2010 clutch sizes may have been significantly different with higher sample
sizes as the as the effect size (f) was greater than a medium effect at 0.27. Converted
pasture may support larger body masses of females over time, which would allow for
more energy to be allocated to reproduction, explaining the high clutch masses and
clutch sizes seen by resident females. However, all categories decreased in clutch mass
from 2010 to 2011, including residents and recaptured females. Environmental and not
physiological variables may have played a key role in the difference between the 2010
and 2011 nesting seasons. Rainfall and therefore water availability to ground vegetation
in Pasco County was lower during the time when females were acquiring energy for the
2011 nesting season compared to 2010. The dry season from October 2009 to May 2010
in Pasco County yielded 17.8 more centimeters of rain compared to the dry season in
October 2010 to May 2011. The wet season of 2009, which is presumed to affect the
2010 nesting season, also yielded 7.6 more centimeters of rain than the wet season of
2010 (South Florida Water Management District, 2012). Rainfall and vegetation
production directly affects the energy available for females during the major period of
egg production during vitellogenesis; higher rainfall may lead to increased forage
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availability, resulting in more energy available for reproduction, which may explain the
significant differences in egg production between 2010 and 2011.

Relocation stress may have been another factor negatively affecting reproductive output
in 2011. Almost 100 more tortoises were relocated to the ranch during the mating and
reproductive season (March to June) in 2011 than 2010 (Thomas W “Bill” Hentges,
unpub. data), which may have significantly increased stress experienced by resident and
relocatee tortoises and thereby lowering their energy allocation to egg size.

Residents and established relocated females on the ranch displayed higher clutch sizes
than the mean for other studies throughout the rest of the Gopher Tortoise’s range, but
specifically central Florida (Table 7). Egg production varies throughout the range with
smaller clutch sizes occurring as latitude increases (Butler and Hull, 1996; Ashton et al.,
2007). Latitude, however, is not the important factor influencing the variation in clutch
sizes when focusing on studies done only in central Florida. Studies in the Gopher
Tortoises’ natural habitat of pine flatwoods and sandhill in central Florida found average
clutch sizes between 7.3 and 7.8 eggs (Godley, 1989; Linley and Mushinsky, 1994;
Colson-Moon, 2003). Why then did residents within our improved pastures have a mean
clutch size more than 40% larger? One possible reason is that improved pastures may
support higher egg production because of increased forage availability. Grasses,
although high in fiber and low in protein content cover greater than a mean of 57% of
pastures in my study site. Herbaceous species higher in nitrogen and therefore protein
content are present, but at a lower average percent cover of 23%. These results are
similar to vegetation availability found in a well studied site in Florida sandhill at a similar
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latitude, however, the frequency of occurrence of grasses and forbs at my study site
was greater than 90% for both categories while in Florida sandhill it was less than 35%
for grasses and less than 80% for forbs (MacDonald and Mushinsky, 1988; Kaczor and
Hartnett, 1990). Vegetation availability, but not necessarily quality in the form of
increased protein content, may be higher on improved pastures, which over time may
increase resident females’ reproductive output.

Other studies have also found that clutch size increases with time spent in converted
pasture (Diemer and Moore, 1994; Small and MacDonald, 2001). Small and MacDonald
(2001) observed the same trend of residents having consistently higher clutch sizes than
relocated females over four nesting seasons. The mean clutch size for residents across
the four nesting seasons was near to my value (10.8 ± 1.75, range 1 – 25 eggs vs 10.5
± 3.12, range 7 – 16 eggs, respectively) suggesting that females within the pastures
may reach an energetic or physiological plateau for maximum clutch size. They also
found that average clutch sizes increased for both residents and relocated females over
time, but this increase was higher than would be expected from normal growth rates
between translocation year and the next for both resident and relocatee tortoises,
suggesting that the stress of relocation, at least temporarily, affects both residents and
relocated tortoises negatively (Small and MacDonald, 2001).

Ammonium sulfate fertilizer application may also indirectly positively affect reproductive
output as the body mass of residents and relocatees is higher relative to carapace length
in fertilized pastures compared to unfertilized. An increase in body mass should provide
a higher amount of energy available to allocate to reproduction for a female. Although
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clutch size and egg diameters are not noticeably affected within one year of fertilizer
application, this may be too small of a timescale to see a reproduction effect. Our
analysis of nitrogen content did not reveal significant differences between fertilized and
unfertilized fields, however, our ability to see a direct effect of fertilizer on plant nitrogen
is decreased by the length of time (16 months) between fertilizer application and plant
nitrogen analysis. The large clutch sizes of resident tortoises compared to populations
within the same geographical area suggest that fertilization and pasture forage in
general may provide higher energy availability, which produces larger clutch sizes as
well as larger eggs over time.

Fertilizer application or time residing on the ranch does not explain the drastic difference
between egg diameters between the 2010 and 2011 nesting season. Mean egg
diameters significantly decreased between 2010 and 2011 for all groups of females
(Table 3). Notably, each recaptured female also showed the same trend of a decrease in
egg size from 2010 to 2011 (Table 5). Much variation in egg diameters existed not only
between categories of females and years, but also within individual clutches (Figure 2).
Although between years and categories of females had higher variation than within
females there was drastic variation around the mean variance, indicating the amount of
variability in egg diameters differed greatly among females. Females were radiographed
using the same procedure during both years and a standard of measure was used on
each radiograph; I am confident there is no difference in radiograph methods between
years. Some other environmental or unknown physiological variable may be causing the
difference between egg diameters between the two years. Rainfall may be the key
factor in the different reproductive outputs.
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Mean egg mass was estimated from mean egg diameters using the regression equation
from Linley and Mushinsky (1994) and significantly differed between years (Table 4).
Mean egg mass in 2011 was more comparable to previous studies throughout the
Gopher Tortoise’s range, especially to the 40.7 g mean egg mass found by Colson-Moon
(2003) in the same latitudinal area as my study site (Table 7). The egg mass of 2010 is
one of the highest egg masses reported for Gopher Tortoises (Table 4 and Table 7).
However, my values for egg mass may be overestimated as it is derived from egg
diameters measured from radiographs, which have been shown to overestimate egg
diameter

(Colson-Moon,

2003).

Using

the

regression

equation

derived

from

radiographed egg diameters compared to true egg masses from Linley and Mushinsky
(1994) should help minimize my estimation error. Resident and established females had
unusually large eggs in 2010, which may be caused by the higher rainfall and therefore
greater forage availability in converted pastures prior to the nesting season in 2010.
Because recaptured females showed the same significant trend of larger eggs in 2010
(Table 5) as the overall population, our observation of not only physiological variables
but also forage availability and rainfall as being important factors to reproductive output
is supported.

In conclusion, reproductive output as measured in clutch size, egg size and mass, and
clutch mass is relatively high on my study site compared to studies in a similar latitudinal
area. However, reproductive success may not translate to sustainable hatchling survival
and eventual recruitment into the population. Annual mortality rates from egg laying to
one year of age have been found to be as high as 92.3 to 94.2% in natural populations
(Alford, 1980; Witz et al., 1992); improved pasture may not allow for survival that great.
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Ranch habitat, specifically improved pasture, typically has dense grass cover which could
impede hatchling and juvenile tortoise movement, little to no tree cover, no fallen logs
for hatchlings to burrow under because logs may inhibit ranch practices such as
mowing, as well as the effect cows may have on compacting burrow skirts containing
nests causing lowering egg survival. Surveying for hatchlings was largely fruitless, with
more than 32.2 kilometers searched resulting in the detection of two hatchlings and
three potential hatchling burrows across all fields. Hatchlings and their burrows are
cryptic, and it is likely we were unable to find other existing burrows. Difficulties in
determining population structure using burrow surveys are known (Diemer, 1992),
especially in regards to locating juveniles and hatchlings or their burrows (Douglas,
1978; Adest et al., 1989). However, the number of juvenile and subadult burrows found
during surveys is also very low signifying low egg, hatchling, and juvenile survival at this
time, especially when considering the number of known juveniles and subadults to have
been relocated to the ranch, but relocated tortoises may be finding ways to emigrate
out of the field they were relocated to (Thomas W “Bill” Hentges, unpub. data). Another
important possibility for the low number of juvenile and subadult burrows observed may
be because of the relatively short time scale of this study not allowing for the detection
of episodic recruitment (periodic successful entry into the adult population), which is
thought to occur in Gopher Tortoises (Landers et al., 1980; McCoy and Mushinsky,
2007; Castellón and Rothermel, 2012). Landers et al. (1980) estimated that a female
has a successful nest (i.e. eggs hatch) once every ten years. Further study is needed
and cattle ranches should not serve as suitable conservation sites for displaced tortoises
until successful recruitment is observed and the population is capable of being selfsustaining.
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Table 7. Summary of Reproductive Outputs Across Studies.
Mean
Clutch
Size

Mean
Egg
Mass
(g)

Mean
Max Egg
Diameter
(mm)

Estimated
Clutch
Mass (g)

South Carolina

3.8

39.4

43.3

149.7

Wright, 1982

South Carolina

6.5

38.0

NR

247.0

Burke et al., 1996

SE Georgia - nonmanaged site

4.5

40.7

NR

184.0

Rostal and Jones, 2002

SE Georgia - managed site

6.5

42.6

NR

277.8

Rostal and Jones, 2002

Southwest Georgia

7.0

44.5

44.8

311.5

Landers et al., 1980

North Florida

5.0

NR

41.6

NR

Hallinan, 1923

North Florida

5.2

40.9

43.3

212.7

Iverson, 1980

North Florida - Sandhill

5.7

NR

NR

NR

Diemer & Moore, 1994

North Florida - Planted Pine

5.8

NR

NR

NR

Diemer & Moore, 1994

North Florida - Pasture

6.5

NR

NR

NR

Diemer & Moore, 1994

North Florida

5.8

NR

NR

NR

Smith, 1995

North Florida

5.0

37.7

42.2

190.0

Florida

NR

NR

43.5

NR

Arata, 1958

South Florida

6.9

NR

NR

NR

McLaughlin, 1990

South Florida

11.1

NR

41.6

361.9

Moore et al., 2009

South Florida

8.2

NR

NR

NR

Ashton et al., 2007

Central Florida

6.3

NR

NR

NR

Ashton et al., 2007

Central Florida

7.6

NR

NR

NR

Godley, 1989

Central Florida

7.1

NR

NR

NR

Mushinsky et al., 1994

Central Florida

7.8

38.1

NR

297.2

Linley and Mushinsky,
1994

Central Florida

7.5

38.1

41.7

284.2

Demuth, 2001

Central Florida (Relocatees)

7.9

38.9

41.0

305.4

Central Florida (Residents)

10.8

33.3

39.0

359.6

Central Florida

7.3

40.7

43.9

296.7

Colson-Moon, 2003

Central Florida (Residents)

10.5

47.9

50.2

507.2

This Study (2010)

Central Florida (Relocatees)

8.1

46.1

49.5

360.4

This Study (2010)

Central Florida (Residents)

10.5

38.1

45.0

402.2

This Study (2011)

Central Florida (Relocatees)

9.0

40.7

46.0

365.1

This Study (2011)

Central Florida Average,
excluding this study

7.8

37.8

41.4

308.6

AVERAGE

7.2

40.4

43.8

300.7

Location

Citation

Butler and Sowell, 1996

Small and MacDonald,
2001
Small and MacDonald,
2001

Studies reporting egg diameters as mean egg diameter not maximum egg diameter are italicized.
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Chapter Three: Vegetation Availability and Nitrogen Content on
Improved Pasture in Central Florida

Introduction:
The Gopher Tortoise (Gopherus polyphemus Daudin) is one of five species of tortoise in
North America, and the only species east of the Mississippi River. It is a medium-sized
tortoise precinctive to the southeastern Coastal Plain of the United States and has been
declining throughout its range for the past century primarily due to development,
urbanization, agriculture, and habitat fragmentation (Auffenberg and Franz, 1982). As
such, the Gopher Tortoise is now listed as a threatened species by the United States
government across the western portion of its range, is currently a candidate for uplisting to federally threatened in the rest of its range, and is also listed by the state of
Florida as a threatened species (U.S. Fish and Wildlife Service, 2012; Florida Fish and
Wildlife Conservation Commission, 2011).

Sexual maturity for a Gopher Tortoise is based on size, rather than age, making habitat
and diet influential on when sexual maturity is attained. Depending on a tortoise’s
location within the range, and therefore the length of the growing season, sexual
maturity can take between 9 and 21 years to achieve (Iverson, 1980; Landers et al.,
1982; Mushinsky et al., 1994). Habitat quality can also drastically affect the time to
sexual maturity. One study in central Florida (Mushinsky et al., 1994) found that females
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reached sexual maturity in 9 - 11 years, while a study in the same county found that
females didn’t reach sexual maturity until 14 - 16 years (Godley, 1989).

Gopher Tortoises prefer xeric habitat, with low canopy cover (<40%), and well-drained,
dry, sandy soils suitable to construct their characteristic burrows. Gopher Tortoises live
in a variety of upland habitats in Florida, including sandhill (pine-turkey oak), sand pine
scrub, xeric hammock, pine flatwoods, dry prairie, coastal grasslands and dunes, mixed
hardwood-pine communities, as well as ruderal communities (roadsides, grove edges,
clearing, and old fields) (Landers and Speake, 1980; Auffenburg and Franz, 1982;
Kushlan and Mazzotti, 1984; Diemer 1986, 1992; Meyers and Ewel, 1990 in Mushinsky

et al., 2006). Tortoises will move out of an area that has become too overgrown, in
response to the lack of suitable forage, as well as the reduced ability to thermal regulate
efficiently for normal development and reproduction (Mushinsky and McCoy, 1994).

Gopher Tortoises lay amniotic eggs. Parental investment is limited to the amount of
energy the female can impart to the egg and subsequent hatchling, which occurs
primarily through the yolk. Reproductive females acquire most of the energy needed for
egg production, specifically the yolk, the autumn before a spring nesting season. The
yolk is a highly energy costly material to produce and if vegetation is poor or sparse,
especially in the fall, she may skip a year of reproduction.

The size, and therefore

protein content, of the yolk can influence hatchling size, which in turn can influence
hatchling survival and growth making habitat quality crucial to a sustainable population
(Landers et al., 1980; Linley and Mushinsky, 1994).
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As an opportunistic herbivore, the diet of the Gopher Tortoise in sandhill habitats
consists of grasses, forbs, cacti, fruits, seeds and other edible plant parts; in some
instances bones, insects, and charcoal have also been found in the digestive tract of
tortoises, but grasses are the prominent food source for adults (Carr, 1952; Garner and
Landers, 1981; MacDonald and Mushinsky, 1988). In sandhill habitat, Aristida, Pinus,

Quercus, Galactia, Cnidoscolus, Tillandsia, Pityopsis, Tephrosia, Vaccinium, and
Richardia are the most commonly ingested plant genera. Juveniles will positively select
for more forb foliage, compared to grasses, than adults, and will also avoid plants with
external defense mechanisms, such as Rubus and Cnidoscolus (MacDonald and
Mushinsky, 1988). Adest et al. (1989) found that juvenile Bolson Tortoises (G.

flavomarginatus) protein consumption of their total diet is 16% while adult protein
consumption is only 8%. Adults can survive well on the relatively poor nutritional value
of grasses while juveniles need plants high in nitrogen and protein to sustain a high
growth rate in order to reach sexual maturity (Macdonald and Mushinsky, 1988;
Mushinsky et al., 2003; Wallis et al., 1999 – G. agassizii). Nitrogen and protein rich
plants are also important to reproductive females for the production of eggs. Survival
probabilities are much higher for sexually mature tortoises, so it is beneficial to grow as
quickly as possible beyond the vulnerable stages before sexual maturity. Desert
Tortoises species (Gopherus agassizii and Gopherus morafkai) have also been known to
eat cattle manure in times of food scarcity (Bostick, 1990), suggesting the possibility
that juvenile Gopher Tortoises foraging in cattle inhabited pastures may be
supplementing their diet with cattle manure. Forage available in improved pastures in
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central Florida is dominated by a variety of grasses the most common being bahiagrass
(Paspalum notatum) and ryegrass (Lolium sp), as well as numerous forb species which
may contain relatively high amounts of nitrogen, including Medicago, Lepidium, Senna,

Conzya, Chenopodium, Desmodium, and Richardia (pers. obs.; Abaye et al., 2009).

The nutritional content, in the form of percent nitrogen or crude protein, is known for
some common pasture species that also occur in the natural habitat of Gopher Tortoises
and have also been studied for selection preference by adults and juveniles, notably

Richardia, Desmodium, Lepidium, and Chenopodium (Abaye et al., 1999; Mushinsky et
al., 2003; Stilson, 2001). Preference knowledge can be very beneficial when evaluating
whether the vegetation available on a cattle ranch is of sufficient quality to support
growing juveniles as well as reproductive females.

Production of eggs and normal

growth and development of young tortoises are dependent upon the quality and
availability of the plant species. Because of the tremendous development throughout
Florida since World War II, pristine upland habitat suitable to support the Gopher
Tortoise is virtually non-existent, making relocation efforts for those displaced individuals
an even greater challenge. Alternative sites, such as cattle ranches, must now be
considered. For the relocation of Gopher Tortoise to cattle ranches to be a valid
conservation tool, it is essential to establish whether or not pastures provide the
essential nutrients for females to reproduce and for hatchlings and juveniles to survive
and grow.

In the short term, relocated Gopher Tortoises will most likely persist at cattle ranches
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with little problem.

We know that adults can survive in cattle pastures for a few

decades (Auffenburg and Franz, 1982), however, we don’t know if females can acquire
the proper nutrients to produce viable eggs and if the pastures offer a sufficiently
diverse diet to allow normal growth and development of hatchlings and juveniles. The
objectives of my study were to quantify vegetation availability, as well as nutritional
quality, based on nitrogen values experimentally determined in addition to those known
from the literature, for Gopher Tortoises in improved pasture on a working cattle ranch
in Pasco County, Florida.

Methods

Study Site
The Florida Fish and Wildlife Conservation Commission (FFWCC) designated a private
ranch in Pasco County (about 56 kilometers north of Tampa) as a test site to evaluate
the efficacy of the relocation of Gopher Tortoises to a functioning cattle ranch. The
ranch consisted of roughly 3,320 acres, 1,200 head of cattle, as well as 80-100 horses,
and has been permitted by the FFWCC to receive up to 1,500 Gopher Tortoises. The site
consisted of a total of 154.75 hectares split into seven fields of varying sizes. Three
fields also contained 4.05-hectare cattle exclosures made of electric fence where
tortoises could escape from cattle but remain within the study site. See Figure 1 for an
aerial view of the site with all fences and field sizes indicated. The majority of our study
site was composed of open pasture containing a mixture of grasses, dominated by
bahiagrass (Paspalum notatum), and other weedy species as well as the occasional live
oak. In two of the fields there were small areas of mixed oak hammock dominated by

49

live oak (Quercus virginiana) with 40 to 80 percent canopy closure. The mid-story of the
hammock habitat is all but non-existent while the understory is heavily grazed and
dominated by shade tolerant forms and grasses (Thomas W “Bill” Hentges, unpub.
data).

Vegetation Sampling
Vegetation samples were taken from April 2010 to November 2010 and again April 2011
to November 2011. Transect starting points were placed 100 meters apart arranged in
a grid across each field. A cardinal direction was randomly chosen and transects never
crossed fence lines. A 0.25 m2 quadrat was used to sample every other meter for 40
meters. The Daubenmire cover-class scale (Daubenmire, 1959) (Table 8) was used to
measure the abundance of four general categories: Bare Soil, Manure, Grasses, and
Overall Forb Species. Cover classes were used instead of exact percentages to minimize
sampling biases among individuals. Cover class categories were converted to median
percent coverage for all analyses (Table 8). The maximum height was taken for grasses,
which were only identified to family. Each unique herbaceous species was identified to
genus or species, when possible, using the dichotomous key developed by Wunderlin
and Hansen (2003). If the identification of a plant was uncertain it was compared to the
specimen available in the USF herbarium as well as the Atlas of Florida Vascular Plants
website (Wunderlin and Hansen, 2008). All species name are as given in Wunderlin and
Hansen (2003; 2008). Individual cover classes were determined for each herbaceous
species or genus as well as its maximum height. Vegetation points were also taken at
burrows and randomly within each field using the same collection methods to increase
the total area sampled. The mean and standard deviation percent cover of each general
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category and individual species was determined for each field as well as overall. Values
are reported as mean ± the standard deviation. Fields were compared using t-tests.

Table 8. Daubenmire Cover Class.
Cover Class

Coverage Percentage
Range

Median %

x

0<x<1

0.5

1

1 - 5.

2.5

2

6 - 25.

15

3

26 - 50

37.5

4

51 - 75

62.5

5

76 - 95

85

6

96 - 100

97.5

Data were recorded using cover class categories and then converted to median percentages
for analysis. (Adapted from Daubenmire, 1959)

Nitrogen Analysis
Total nitrogen content was determined for the most common herbaceous plant species,
overall grasses, as well as less common species that also occur in the Gopher Tortoises’
natural sandhill habitat. All specimens were collected in October 2011, and when
possible, one to ten individual plants were collected for each species (or in the case of
grasses, family) from each field. Specimens were chosen if they had little to no sun or
insect damage and the majority of the leaves were green and appeared healthy; if an
appropriate specimen could not be located none were collected. Plant species were kept
separate by field, and in a cooler for transport away from the study site. Plants were
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then cleaned with a minimal water if necessary and immediately placed into paper bags
and put into 60°F drying oven for at least 24 hours. For most plant species, the whole
above ground biomass was dried, but a few plants did not allow for the whole plant to
be dried. Senna occidentalis, Asimina spp. and most Rubus spp. specimens were too
large to dry whole so sections of stems and leaves were chosen from each individual
plant and then dried. Two leaves from each Yucca plant were used for nitrogen analysis.
Once plants were dried a Wiley mill with a 40-mesh screen was used to grind the sample
into a fine powder. The mill was cleaned with ethanol between samples. Samples were
stored in airtight containers and then rolled into tin capsules in weights ranging from 2.5
mg to 7.0 mg based on their estimated nitrogen content, to have greater than 100 µg of
nitrogen in each tin. At least two tins of varying weights were rolled for each sample to
verify results. A NC 2100 Elemental Analyzer (CE Elantech, Inc., Lakewood, NJ) was
used to measure total nitrogen content with atropine as the standard. A check standard
of 2.5mg was placed after every 6th sample and each run of 32 samples ended with a
wash sample and a check standard. The water trap was changed after every 125
samples and the ash trap was changed after every 100 to 200th sample. Percent
nitrogen values for each sample are given as the mean ± SD. Resulting nitrogen content
values were compared to known values from the literature using t-tests. If the same
species could not be found in the literature then the genus was used for comparison.
Percent nitrogen can also be estimated from and compared to crude protein because
crude protein is nitrogen multiplied by 6.25.

Ammonium sulfate based fertilizers were applied to fields 17, 18 and 19 in June 2009
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and in fields 17, 19, and 20 in June 2010. Because plants were collected in October of
2011 for nitrogen analysis fertilization in 2010 was assumed to have the greatest, if any,
effect on plant nitrogen. Percent nitrogen determined for each taxon was classified as
residing in either a fertilized or unfertilized field. T-tests were used for all analyses.

Results
A total of 4426 vegetation plots were sampled, covering 2213 m2, approximately 0.14%
of the total study site area. As expected, grasses dominated within each field as well as
overall. Grasses were present in 98% of all plots sampled with a mean cover of 57%. A
total of 68 unique herbaceous species and genera in 31 families were found throughout
the study site. However, four herbaceous species occurred at greater coverage than all
others: Richardia brasiliensis, Conzya canadensis, Desmodium triflorum, and

Chenopodium ambrosioides (Table 9). Percent cover of manure is the only other
category that covered a mean greater than one percent of the total area studied.

Not all 68 taxa found were used to test differences among fields. Total mean forb
percent cover, mean Poaceae percent cover, and the mean percent cover of each of the
four most common species were analyzed to compare differences among fields. Fields
were then grouped as fertilized or unfertilized depending on whether or not they
received fertilizer in 2010. T-tests were used to determine if percent cover for fertilized
and unfertilized fields differed significantly among taxa. Percent cover of any category or
taxon was not found to be significantly different between fertilized and unfertilized fields
(p-values ranged from 0.32 to 0.83). Conversely, the effect size of overall forb cover (d
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= 0.81), Desmodium (d = 0.90), Conyza (d = 0.66), Richardia (d = 0.82), and

Chenopodium (d = 0.64) were all medium or above effects, suggesting that with higher
sample sizes significant differences may have been detected. However, fertilized fields
only contained the highest mean cover for one taxon, Chenopodium.

Nitrogen content analysis was done on 13 total taxa including the Poaceae family.
Specimens could not always be found for each field or were too damaged to be
appropriate for analysis and are indicated by blank values in tables. Mean percent
nitrogen ± SD is given for each plant taxon as well as the overall mean nitrogen percent
for fertilized fields in Table 10 and unfertilized fields in Table 11. Percent nitrogen was
not found to be significantly different between fertilized and unfertilized fields for any
species, genus or family (lowest p-value = 0.13 for Conyza). The effect size of four of
the taxa, Conyza, Eupatorium, Asimina, and Poaceae were high, but because two taxa
(Poaceae and Eupatorium) had greater percent nitrogen in fertilized fields and the other
two taxa had greater percent nitrogen in unfertilized fields no clear inference can be
made about the effect of fertilizer on the studied forage species. Percent nitrogen values
for each taxon were then examined as one group when comparing to percent nitrogen
values reported in the literature using a t-test. It was not always possible to compare
nitrogen values for exact species and in those cases percent nitrogen values for the
genus was used. No reference values could be found for the genus Oxalis. Of the 12
taxon analyzed, six were found to be significantly different (p < 0.05) from known
percent nitrogen values. R. brasiliensis, S. occidentalis, and Asimina spp. had nitrogen
content significantly greater (p < 0.05) than reference values reported in the literature,
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while Desmodium spp., Chenopodium spp., and Rubus spp. had values significantly less
than reported values (Table 12).
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56
4.94 ±
7.08
5.28 ±
7.78
0.84 ±
4.92

8.00 ±
11.52
6.56 ±
9.08
1.86 ±
5.16

Conyza
canadensis
Richardia
brasiliensis
Chenopodium
ambrosioides

4.86

1.09 ±

12.82

10.95 ±

18.63

18.88 ±

28.14

29.91 ±

26.38

52.56 ±

23.57

47.94 ±

30

Field 21

2.36

0.81 ±

6.86

5.32 ±

11.89

10.72 ±

17.50

11.71 ±

19.75

27.42 ±

21.49

52.55 ±

30

Field 20

7.58

6.54 ±

8.25

8.20 ±

7.61

7.37 ±

0.71

0.06 ±

14.14

19.34 ±

19.08

43.80 ±

24

Field 19

Percent cover means ± SD are given for each field as well as overall.

9.00

18.54

17.00

22.70

triflorum

15.90 ±

23.23 ±

4.31 ±

26.22

25.51

8.76 ±

51.33 ±

46

57.07 ±

68

Field 22

Desmodium

Cover

All Herbaceous

Poaceae

found

Species/Genera

Total # of

Overall

5.23

2.77 ±

7.86

5.32 ±

8.47

5.97 ±

0.57

0.04 ±

13.75

14.89 ±

21.59

63.86 ±

26

Field 18

Table 9. Mean Percent Cover for Grasses and Common Forb Species.	
  

4.81

1.10 ±

7.61

2.50 ±

0.87

0.10 ±

0.13

0.00 ±

11.17

4.8 ±

18.09

82.2 ±

13

Field 17

2.06

0.46 ±

10.33

9.20 ±

12.63

9.99 ±

26.05

21.45 ±

27.44

34.21 ±

27.44

65.07 ±

19

Field 16

Table 10. Percent Nitrogen of Common and Important Pasture Plants in Fields Fertilized in 2010.
Field 17

Field 19

Field 20

Mean

1.76 ± 0.06

1.95 ± 0.06

2.08 ± 0.05

1.93 ± 0.16

Asimina spp.

1.98 ± 0.09

1.73 ±0.02

1.84 ± 0.28

1.84 ± 0.13

Chenopodium ambrosioides

1.61 ± 0.1

2.44 ± 0.04

2.54 ± 0.01

2.20 ± 0.51

Conzya canadensis

1.76 ± 0.13

1.93 ± 0.03

1.56 ± 0.18

1.75 ± 0.08

Desmodium triflorum

2.58 ± 0.12

3.23 ± 0.00

3.00 ± 0.06

2.94 ± 0.06

Eupatorium spp.

2.29 ± 0.06

2.15 ± 0.02

2.40 ± 0.00

2.28 ± 0.03

Oxalis corniculata

3.70 ± 0.01

3.96 ± 0.03

Richardia brasiliensis

2.40 ± 0.07

2.55 ± 0.06

3.24 ± 0.03

2.73 ± 0.02

3.49 ± 0.07

3.81 ± 0.00

3.53 ± 0.05

3.61 ± 0.03

Poaceae

Asclepias humistrata

Cnidoscolus sp.

3.83 ±0.02

Rubus spp.
Senna occidentalis
Yucca sp.
Values given as mean percent Nitrogen content ± SD.

Table 11. Percent Nitrogen of Common and Important Pasture Plants in Fields left Unfertilized in 2010.

Poaceae

Field 16

Field 18

Field 21

Field 22

Mean

1.26 ± 0.08

1.94 ± 0.10

1.44 ± 0.00

1.93 ± 0.02

1.64 ± 0.34

3.78 ± 0.15

3.15 ± 0.15

3.47 ± 0.44

1.84 ± 007

2.12 ± 0.07

1.99 ± 0.14

1.82 ± 0.02

3.16 ± 0.08

2.35 ± 0.73

3.00 ± 0.01

2.72 ± 0.05

2.86 ± 0.03

Asclepias humistrata
Asimina spp.
Chenopodium ambrosioides

2.00 ± 0.03
1.99 ± 0.06

Cnidoscolus sp.
Conzya canadensis

2.03 ± 0.04

1.74 ± 0.08

2.14 ± 0.06

2.17 ± 0.04

2.02 ± 0.15

Desmodium triflorum

2.51 ± 0.01

2.77 ± 0.09

2.83 ± 0.03

2.84 ± 0.01

2.74 ± 0.04

Eupatorium spp.

2.16 ± 0.06

1.94 ± 0.02

2.27

2.12 ± 0.17

3.10 ± 0.13

4.07 ± 0.00

3.59 ± 0.09

2.57 ± 0.10

2.90 ± 0.06

2.51 ± 0.05

1.94 ± 0.06

1.77 ± 0.08

1.85 ± 0.02

4.34 ± 0.04

4.84 ± 0.02

4.00 ± .05

2.25 ± 0.02

1.99 ± 0.04

2.12 ± 0.01

Oxalis corniculata
Richardia brasiliensis

1.84 ± 0.12

Rubus spp.

1.84 ± 0.04

Senna occidentalis

2.97 ± 0.06

2.72 ± 0.01

3.85 ± 0.12

Yucca sp.
Values given as mean percent Nitrogen content ± SD.
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Table 12. Experimentally Determined Percent Nitrogen Values Compared to Percent Nitrogen
Values Reported in the Literature.
Mean
Cover

Overall
Mean
%N

Reference %N
Values

Poaceae

57.1 ±
25.5

1.77

1.55*, 1.62

Desmodium	
  
spp.

8.8 ±
18.5

2.82

3.52*

Abaye et al., 2009

Conyza	
  
canadensis

8.0 ±
11.5

1.90

2.22

Vick and Young, 2011

Richardia	
  
brasiliensis

6.6 ±
9.1

2.60

1.56*, 1.43

Garner and Landers,
1981; Stilson, 2001

**

Chenopodium	
  
spp.

1.9 ±
5.2

2.26

2.14 (stems), 4*
(vegetative)

Harper et al., 1933;
Abaye et al., 2009

-, **

Oxalis	
  
corniculata

0.3 ±
2.1

3.71

Rubus	
  spp.

0.2 ±
2.3

1.85

3.25

NMSU

Eupatorium	
  
spp.

0.2 ±
2.0

2.20

2.13

Falvey and
Hengmichai, 1979

-

Senna	
  
occidentalis

0.02 ±
0.5

3.83

2.5 (leaves)

Samba et al., 2002

**

Yucca	
  spp.

0.02 ±
1.1

2.12

2.15 (leaves)

NMSU

Asimina	
  spp.

0.02 ±
0.9

1.92

1, 1.34*

Asclepias	
  spp.

0.00 ±
0.01

3.47

2.87 - 3.89

Cnidoscolus	
  
stimulosus

0.00 ±
0.0

2.86

2.36

Source

Garner and Landers,
1981; Stilson, 2001

Young and Yavitt,
1987; Garner and
Landers, 1981

Significance

-

**

-

**

-

**

Agrawal, 2005

-

Stilson, 2001

-

Only overall means are reported for nitrogen values found at the study site, although individual
mean values for each field were used in the analysis. Nitrogen values for the same species were
not always found in the literature, in those cases nitrogen values in the same genera were used
and are indicated by spp. Percent nitrogen estimated by dividing crude protein by 6.25 are
indicated by an (*). Mean overall cover for each taxon is also reported as mean ± SD.
Significant values of p < 0.05 are indicated by (**), p values > 0.05 are reported as (-).
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Discussion
Ammonium sulfate based fertilizers do not appear to increase the coverage or nitrogen
content of common pasture species, including grasses, in the year following fertilizer
application. Mean species richness was actually found to be lower in fertilized fields
compared to unfertilized fields. Because fertilizer was not applied in the year that plant
samples were taken for nitrogen analysis it is likely that any effect of fertilizer on plant
cover and nitrogen content, especially, was diminished. Fertilizer is easily leached from
Florida’s sandy soils by heavy rains and because fertilizer application is usually
recommended yearly for pastures; it is unlikely that I could expect an effect of fertilizer
16 months past application. The presence of manure and urine from grazing cattle
supply additional nutrients to all pastures regardless of fertilizer application and may
benefit nutrition content of pasture plants in general (Mackowiak et al., 2008).

Poaceae forage availability within a pasture may be greater than that of more natural
habitats for tortoises with higher than 57% mean grass cover and 98% presence in
sampling plots. Herbaceous plants were also highly present; occurring in 90% of all
plots sampled, however, all herbaceous plants only covered a mean of 23% of the total
area sampled (Table 9). Aresco and Guyer (1999) found a mean total plant cover of
24% for a national forest in Alabama with only nine percent mean Poaceae cover,
although that site has particularly poor vegetation availability. A Florida sandhill site at
similar latitude to my study site found herbaceous forbs covered a mean of 30.7% and
had less than 80% presence in sample plots, while grasses covered a mean of 55% but
had less then 35% presence within sample plots (MacDonald and Mushinsky, 1988;
Kaczor and Hartnett, 1990). Auffenberg and Franz (1982) measured vegetation in
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kilograms of biomass per hectare and found that ruderal habitats, consisting of
abandoned agricultural fields and over grown pasture, had much higher biomasses of
grasses and forbs than any other habitat investigated.

Nitrogen occurs in plants in the form of proteins, which contain approximately 16%
nitrogen. Percent nitrogen relative to the biomass of a diet component is an indicator of
protein content and therefore nutritional quality. Protein is especially valuable to
growing juvenile Gopher Tortoises to support high growth rates as well as to females
during vitellogenesis. Yearling G. agassizii were found to grow faster in captivity on diets
containing 20 and 30% protein than on a diet containing 10% protein (Oftedal et al.,
2002). Growth rates of other turtle species have also been shown to increase with an
increase in protein content of diet. Juvenile Slider Turtles (Trachemys scripta) that
consumed more crude protein in their diet, while other nutrients were kept relatively
constant, exhibited higher growth rates than those consuming a lower protein diet
(Avery et al., 1993). Landers et al. (1982) found that Gopher Tortoises in agricultural
areas consistently grew about four mm more per year than those in natural communities
in Georgia, which they attributed to an increase in nutritional habitat quality in
agricultural areas. Growth rates and thus time to reach size at sexual maturity can vary
widely depending on a number of factors, including available forage. One study in
central Florida estimated that females became sexual mature at 14 – 16 years (Godley,
1989); while a study in the same county, in an area that was fire managed, which
supports increased understory growth, found that sexual maturity was attained in 9 – 11
years (Mushinsky et al., 1994). Juvenile Gopher Tortoises have been shown to positively
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select for forage low in fiber and high in nitrogen relative to grasses (Garner and
Landers, 1981; Macdonald and Mushinsky, 1988; Mushinsky et al., 2003).

Stilson (2001) analyzed nitrogen content of plants found in a sandhill habitat in central
Florida, where juvenile growth rates have been reported at 19 mm CL/year (Mushinsky

et al., 1994), and found that plants juveniles avoided for forage had a mean percent
nitrogen of 1.62 with a standard deviation of ± 0.42 (range: 0.84 to 2.46 %N), while
plants that juveniles preferred had a mean percent nitrogen value of 2.11 ± 0.54
(range: 1.22 %N to 3.25 %N). Oftedal and Allen (1996) found that 1.6%N (10% crude
protein) constituted inadequate quality vegetation to G. agassizii and 3.2%N (20%
crude protein) was considered adequate nutrition to support growth rates. Assuming
juvenile Gopher Tortoises need forage of higher protein content than grasses and other
non-preferred plants to maintain high growth rates to reach sexual maturity in as few
years as possible and based on previous work on protein required by other turtle species
(Avery et al., 1993; Oftedal and Allen, 1996; Oftedal et al., 2002), 2%N (12.5% crude
protein) was used as an arbitrary value to separate potentially adequate protein content
from inadequate protein content in plants. Of the 13 taxa analyzed for nitrogen content
nine had mean percent nitrogen values greater than 2% (Table 12). However, many of
the high percent nitrogen plants are also very rare throughout the study site; the
combined mean coverage of all nine taxa with greater than 2% nitrogen is only 17.6%.

Desmodium and Richardia were the only two genera to occur at mean coverages greater
than five percent and have percent nitrogen values greater than 2% within my study
site. The three herbaceous species with the highest nitrogen content covered less than
1% of the total area sampled (Table 12). Forage availability may be high at my study
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site, but forage quality in terms of nitrogen and therefore protein content may be
relatively low and may not support high juvenile growth rates.

In conclusion, forage, especially in the form of grasses, may be of greater availability
than in more natural habitats of the Gopher Tortoise, and pasture forage has been
shown to support reproducing females in the production of relatively large eggs and
higher clutch sizes (see previous Chapter – “Reproductive Output of Resident and
Relocated Gopher Tortoises on Improved Pasture”). However, adequate forage nutrition
may not be available to support high juvenile growth rates, which may limit the number
of juveniles successfully recruited into the population as reproducing adults, and
therefore may decrease the suitability of cattle ranches as conservation sites for Gopher
Tortoises.
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